ABSTRACT
INTRODUCTION
Economic activities are often described in terms of industries, and using industry analyses in building an understanding of how the economy is structured is nothing new. Several standards for classifying industries, such as the United Nations' ISIC standard and the European Union's NACE standard, have been formulated and revised in recent decades in order to collect economic data. However, given their relatively static nature, these standards are accompanied by some problems that are especially apparent to researchers attempting to capture and understand new, emerging and growth industries, and to policy-makers aiming to devise measures to boost the economy.
Here we primarily deal with the critical methodological issue of how to identify dynamic economic activities and classify them into static entities. As processes of industrial transformation and growth unfold over time and space, firms and industries emerge in the intersection of new and old ones. However, the ways we observe, sort and classify these firms or industries do not change at the same pace, making existing industry nomenclatures and standards a blunt tool with which to understand such dynamics. To understand and analyse the underlying mechanisms of industrial transformation and growth there is obviously a need to systemise information and data about economic activities. This includes a need to identify actors and categorise them [end of p. 441] in an orderly fashion. The best alternative is not always to use existing standards or nomenclatures, but to use new alternative methods or at least a combination of new methods and traditional standards. Nonetheless, information about, for example, change processes, growth rates and quantities still needs to be systematised. This leaves the main question unanswered:
How are we supposed to analyse or understand industrial transformation and growth when we are unable to capture those actors that are part of new and emerging industries?
The emerging biotech industry is in this sense often cited as a highly prioritised economic growth area. This may also be exemplified by the numerous cluster initiatives focusing on biotech-related areas set up around the globe, not least in Sweden (Lundequist & Power, 2002; Sölvell, Lindqvist, & Ketels, 2003) . The key issue this paper deals with is the nature of the Swedish industrial classification system and its usefulness in capturing new areas of economic growth, such as the biotech industry. This paper thus intends to discuss and critically assess the use of industrial classification standards and nomenclatures, especially in relation to their ability -or lack thereof -to capture new and emerging firms or types of 3 industries. The main purpose is to demonstrate the difficulties of tracking and identifying firms in biotech-related activities using official industrial standards. Here, this will be exemplified using a population of firms in the Swedish biotech industry as defined and analysed by the Swedish Agency for Economic and Regional Growth (NUTEK). Furthermore, our aim is to make industry scholars aware of the main issues and problems related to official industrial data and how industrial activities are classified. Several problems and shortcomings related to the use of official industrial standards and nomenclatures will be highlighted. Furthermore, the paper will discuss other possible methods for identifying and capturing industrial actors.
From a broader perspective, the paper can be viewed as a contribution to the growing literature challenging the traditional view of industries and industry affiliations. In this literature, the economy is more or less understood as related or interlinked systems delimited by either technological or geographical denominators. The trend in contemporary industry studies in general is to use concepts linked to various industrial systems to analyse and understand processes of innovation and economic growth. Doing so involves concepts such as clusters, national or regional innovation systems, technological systems and networks (cf. Carlsson, 1997; Cooke, Uranga, & Etxebarria, 1997; Lundvall, 1992; Porter, 1990) . In Sweden, as in many other countries, this approach has received particular attention from various official policy organs. However, these concepts, especially the cluster concept, are widely criticised. First, the concepts are viewed as somewhat 'fuzzy', due to both inconsistent definitions and a lack of common methodological understanding. Second, the criticism focuses on the question of how policymakers and practitioners use the concepts, and whether they should be used in this context at all (for a more thorough discussion, see, e.g. Lundequist & Power, 2002; Malmberg, 2002; Markusen, 1999; Martin & Sunley, 2003) . For the sake of the argument expressed in the present paper, it should be noted that the criticism is in many ways legitimate. More importantly, however, what is seldom discussed is that more traditional industry studies, using current standards and nomenclatures, are hardly better alternatives, at least not in terms of studying new and emerging industries.
The structure of the paper is as follows. First, the difficult balance between industrial dynamics and the static standards that industrial statistics often involve will be discussed, not least in terms of international comparisons.
Then the Swedish industrial [end of p. 442] classification system -the SNI standard -and its ability to capture the evolving biotechnology sector will be used to illustrate the problems we encounter when attempting to capture emerging industries. The paper concludes by arguing that we need careful thought about adjustments and alternatives to contemporary classification systems. Nonetheless, implicit throughout the paper is an acknowledgement of the importance of such classification systems to the ability of both academia and policy to understand the factors and mechanisms underlying economic growth.
NOMENCLATURE IN OFFICIAL INDUSTRIAL STATISTICS: PROBLEMS AND PRACTICAL EXAMPLES
Studying industries and their characteristics obviously calls for industry statistics. According to a 1979 document from the Swedish Ministry of Economy, industrial statistics should be used to convey useful information about conditions concerning production and resources related to various manufacturing activities, and about the structure of production and its spatial distribution within the nation (Ds E, 1979:2) . In practice, there is a will and a need to measure and classify the production and supply of goods and services, including the measurement of costs involved in making a product (i.e. inputs, energy, labour and fixed capital). These data are then used as input in analysing economic transformation and growth. However, the economy and the industrial landscape comprise activities that are both similar/related and diverse. This is evident not only if we analyse the activities performed, but also if we look at the range of products actually produced. The need to systemise and categorise activities and products that are closely related or akin to each other into industries and sectors is thus prominent. The division of industry into sectors is in other words an instrument used to clarify and make penetrating analyses of the economy of a territorially delimited spatial area, such as a nation state, region or city.
Four general problems with industry studies
On a more general level, there are four main problems related to industry statistics. These are more or less built into the statistics used, and are thus part and parcel of many industry studies.
First, information about economic activities can be gathered in numerous ways. Usually, the information or data capture conditions in the firm or workplace. This means that it is not always evident what is, or what ought to be, the true or actual information-bearing unit. Information is normally gathered and sorted according to different types of production units, which in real life could be workplaces, the firm as a legal entity, authorities and/or similar units. These production units are functionally and geographically delimited and are the smallest, physically independent units where the production of goods or services takes place (cf. Maskell, 1992) . The biggest challenge for the researcher in this respect is to be aware of and acknowledge the differences between a workplace and a firm, and to choose the appropriate unit for analysis. By 'firm', we often mean the legal entity encompassing the economic activity. In many business registers, whether public or private, economic data usually refer to the 'firm' as a legal entity or as the firm's main office. On the other hand, a firm is always made up of at least one workplace, though it could also consist of several workplaces that might even be spatially The distinction between firm and workplace can be important, depending on the type of study to be performed. If the study aims to analyse the spatial division of labour and its frequency, the workplace is the correct unit for analysis and not the firm (cf. Fritz, Alvstam, & Korhonen, 1995) . The result of the analysis may in other words be skewed if the wrong unit for analysis is chosen. For example, a firm may be legally domiciled in a certain location, although most of its goods or services are produced in workplaces situated elsewhere; this fact would have implications for all the data gathered about the firm.
1 The differences between workplace and firm should not least be apparent to researchers doing statistical analyses based on location quotients, regional employment and establishment counts, regional impact multipliers and regional growth relative to national growth (cf. McCann, 2001 ).
Second, it is not easy to classify economic activities or, especially, to define clear-cut boundaries between industries (cf. Lundmark & Malmberg, 1988) .
The problem here is how to move from the production unit to an aggregated industry level: on what attributes is the aggregation based? Normally, the production unit is classified based on the products of the unit, which, according to the Ministry of Economy, actually means the 'goods' produced.
Every good is thus assigned to an industry (Ds E, 1979:2) ; in other words, the starting point has been to group and classify goods. As the economy has progressed over time, however, the production of services has increased, which in turn has made the classification process even more complex. There is thus a need to distinguish between the production of goods and services; meanwhile, the line dividing the two has become increasingly uncertain and in some cases has even faded away (cf. Alvstam, 1998; Alvstam & Erlandsson, 1995; Fritz et al., 1995) .
The division of production units into industry sectors in Sweden and Europe is thus based on a product-oriented way of defining economic activities. That is to say, how a production unit is sorted and classified into an industry is dependent on the end product produced. This method has not gone uncontested. Over the past decade, several scholars have instead recommended that it would be more illuminating to focus on similarities in processes and activities related to the production process rather than the end product itself; for example, this view has been applied prominently in discussing and analysing the biotech industry (cf. Eliasson & Eliasson, 1997; Liebeskind, Oliver, Zucker, & Brewer, 1996) . Since 1997, this perspective has also been incorporated into the North American standard (see subsequent section). Theoretically, there is a range of ways to define and order economic activities into industries, such as focusing on products, processes, inputs, technology platforms or other innovative alternatives.
The third problem is related to the constant tension between dynamic and static conditions or objects. It is problematic to capture and study processes of change over time using more or less static industrial standards. Industrial transformation and growth are parts of broader processes that not only lead to economic development (via innovation and improved competitiveness, for example), but also cause new firms and industries to emerge and others to fade away and disappear. The biotech industry is a good illustration of how existing industrial standards cannot capture such activity, as will be highlighted in the paper. It is only natural that industries, industry sectors and their definitions should change and be revised over time, and that this should pose a largely intractable analytical problem. On the one hand, one can choose to make the industrial classification structure or standard more or less permanent, making comparisons over time more readily available. On the other hand, one can choose to revise [end of p. 444] the classification structure and standards according to the changes occurring in the industry. The first scenario will be more appealing in contexts in which studies and comparisons over time are needed. The latter scenario will make it harder to perform longitudinal studies, while it would be more likely to recognise and capture industrial transformation and related processes of change.
The fourth problem involves the difficulties of making comparative studies between different countries where specific national standards apply.
Distinctive national features are often built into nomenclatures and standards originally based on international standards. This is often due to ambiguity resulting from a national notion that international standards do not adequately capture nation-specific industrial structures and conditions, while there is a concurrent need for benchmark studies comparing nations. One way to make comparative studies between nations is to use the NACE standard on a four-digit level. In cases in which no international standards are available, a comparative approach is of course even more difficult.
All four problems discussed above are more or less embedded in contemporary industry statistics and data. This does not mean that data gathered about firms and their industrial affiliations are not to be taken seriously, but merely that researchers and practitioners should at least be aware of the problems and take account of them.
The Swedish Standard Industrial Classification (SNI) and its international counterparts
Statistics Sweden (SCB) is the central government administrative authority responsible for gathering, co-ordinating and maintaining official statistics in Sweden. Since 1963, SCB has, via its Business Register, gathered data on every firm and workplace in both the public and private sectors in the nation (Statistics Sweden, 2002) .
Given the need to categorise and classify economic activities, SCB has created the Swedish Standard Industrial Classification (SNI), in which the economy is divided into industry sectors or segments. The standard provides every economic activity (both the firm as legal entity and workplaces) with a fivedigit classification code that is supposed to reflect the main activity or activities undertaken. The standard has been revised several times. Industry Classification System (NAICS). A big difference between the SICand the NAICS-based classification is that the former classifies establishments that produce similar products while the latter groups establishments based on their production processes (Kelton, Pasquale, & Rebelein, 2008 
SNI classification in practice
From a critical perspective, it is important to recognise the processes by which economic activities become classified into SNI codes and the uncertainties that follow from this. While SCB has compiled the standard, the actual classification of economic activity is done at the local tax authority when a firm is registered. Newly established firms as well as reconstructed and takenover firms must complete a form that allows entrepreneurs themselves to define their new firm's activity area. If the firm is a trading partnership (handelsbolag, HB), limited partnership (kommanditbolag, KB) or limitedliability company (aktiebolag, AB), the firm should also be registered at the Swedish Companies Registration Office.
The actual classification according to the SNI standard takes place at the local tax authority and is based on the information supplied in the form provided by the tax authority. The information in the form should briefly state the line of business: for example, manufacturing, trading (wholesale, retail or trading) and consultancy. The completed form should also include information about the kinds of goods or services to be produced: for example, pharmaceuticals manufacturing. If the firm is a service company, a short description of the business activity should be provided. In the next step, the local tax authority assigns the firm its correct SNI classification code based on the information provided in the form. In cases in which a firm performs more than one activity, the level of each activity must be presented in percentage terms (Swedish Tax Agency, 2002a , 2002b 
METHODS AND MATERIALS
The present analysis and discussion are based on the Swedish Standard Industrial Classification 1992 standard (SNI 92), 2 according to which the economy is categorised at a detailed five-digit level, based on the economic activity performed in business establishments. The material used here is a predefined population of biotech firms that will serve as a control population.
The population was first identified by NUTEK in a study of the Swedish biotechnological innovation system (Backlund, Markusson, Norgren, & Sandström, 2000 Moreover, of these 135 firms, 3 lacked industrial classification codes, while 31 had more than one code. In the latter case, this occurred because the first classification code represented the more dominant activity of the firm, which is why the first classification code is used here for the analysis. According to the SNI standard, the dominant activity determines how the firm should be classified (see Statistics Sweden, 2003a).
EMERGING INDUSTRIES, INDUSTRIAL TRANSFORMA-TION AND INDUSTRIAL STANDARDS: THE CASE OF THE BIOTECH INDUSTRY
Industrial transformation can in short be described as a struggle between old and new that will lead to processes of change, which in turn will stimulate economic development (cf. Dahmén, 1980) . The basis of these changes is most (mAb technology). These discoveries were also path breaking from an industrial standpoint, as they aroused industrial and commercial interest around the globe. In a sense, these discoveries were to lay the groundwork for and shape the modern biotech industry (for a more thorough description, see Zucker, Darby, & Armstrong, 1998) . Some studies even call the introduction of these technologies 'the biotech revolution'. Although 'revolution' is a strong word, we can conclude that biotech activities have become an important input into the economy, at least in some locations (cf. McCutchen & Swamidass, 1996; Waluszewski, 2003; Waxell & Malmberg, 2007; Zucker & Darby, 1997) .
The modern biotech industry has thus developed through processes in which industrial transformation is the focus, and in which processes of innovation can be viewed as stimulating factors. This also means that dynamic development may often be hard to describe using existing standards and nomenclatures. New and emerging industries are per definition hard to capture solely using existing statistical boundaries and delimitations.
Biotech industry according to the SNI nomenclature
Since biotech has no official coding in the SNI standard, biotech firms are hard to identify. In other words, industrial applications of biotech activities are part of several previously defined industries. These activities are usually found in industries in the healthcare, agricultural and food, environment and energy, and machinery and instruments sectors, and in a number of process industries, i.e. the mining, chemical, and pulp and paper industries (see Audretsch, 2001; Eliasson & Eliasson, 1997; OECD Observer, 1999; SIND, 1991) .
According to the SNI 92 standard, the production of goods and services is divided into a number of main sections, A to Q. The division is based on an aggregation of the SNI standard on a two-digit level in so-called subsections and main groups (see Statistics Sweden, 1992b). The firms that NUTEK has identified as biotech firms, thus forming part of the control population, are according to this division spread throughout the different subsections (see Table 1 ). Overall, it could be stated that the biotech sector actually cuts across the economy in a variety of industries.
Most biotech firms are found in section K (i.e. real estate, renting and business activities). This section contains the main group Research and development (SNI code 73), which is a common activity of many biotech firms.
The main factor underlying the uneven distribution of biotech firms is that these firms are classified based on the products they produce, i.e. the productoriented approach to understanding economic activities. This implies that a firm that uses biotech processes to manufacture a food product, for example, a functional food product such as bioactive yoghurt, would be classified as belonging to section D and subsection DA (manufacture of food products, beverages and tobacco), even though the firms in question may have more in common with other biotech firms than with a firm that manufactures hot dogs, for example. In other words, it is the end product that determines how the firm is classified.
Biotech industry according to the two-digit SNI level
As already mentioned, the classification into sections is based on a grouping of similar activities on a two-digit level. It is therefore interesting to examine this level a bit closer. [end of p. 448]
Ta ble 1 . T he Sw ed is h i nd u st ry st ru ct u re a cco rdi ng t o Sw e di s h St a n d a rd
In d u st ria l Cla s sif ica t io n ( SN I 9 2 ) a n d t he n u mber o f b io t e ch f ir ms in ea ch s ect io n.
So ur ce : St at is ti cs S wed e n ( 1 9 9 2 a) a nd B ac kl u nd et a l. ( 2 0 0 0 ) . On the two-digit level, the SNI 92 standard is very rough. The reason why this level is often used in many studies is that it comprises so-called pre-named main groups. Biotechnology is not a given main group, and according to One of the more serious problems with the SNI codes is that the margin of error related to the classification process is relatively high. This may be due to a faulty classification procedure at the local tax authority or because the activity of the firm is hard to classify, since it may perform multiple activities or produce several products of different character. According to Larsson (1998) , as many as one of four firms allegedly part of the Swedish machinery industry was on closer examination wrongly classified. Here, in the control population, the coding Manufacture of perfumes and toilet preparations (SNI code 24520) raises some suspicion. In this case, the firm could be developing To generate a clear-cut group of biotech firms only using SNI codes proves impossible in practice. In other words, we face a problem of over-coverage, since a large number of firms surface that are not part of the target population (cf. Körner, Ek, & Berg, 1984) . We may thus conclude that no classification codes in the 1992 standard would solely comprise or identify biotech firms. In summary, it is important that scholars involved with statistical analyses based on industry standards be aware of the above issues and problems, especially as related to the classification process, as they could well affect the results and conclusions of such research. protecting the firm name, and the firm has a legal obligation to report any changes concerning firm name, activity focus, address or board members (Bolagsverket, 2007; PRV Bolag, 2002) , which in a sense ensures the currency of the data. In Sweden, the descriptions contained in the articles of association are publicly available through various public databases. By searching these databases for common keyword search terms, firms with a certain range of activities, such as those in the biotech industry, may be grouped and identified. This method, however, is not foolproof and is largely dependent on the design of the keyword search. A closer examination of the activity descriptions furthermore reveals that the activities are largely described in general terms and often according to a standardised formulation, which also affects the result in terms of generating relevant populations. In our case, this method could only find 42% of the control population. Unlike the search using the SNI standard, we now face an under-coverage problem, since a great number of pre-identified firms were missing in the population generated. The method is thus not perfect and would require more thorough analysis of the activity description in the articles of association as well as a more methodical and open-ended way to find the right search words. Although the method might be considered somewhat problematic, it should be considered better than just using the SNI standard in terms of finding and identifying biotech firms.
CONCLUDING DISCUSSION
In conclusion, new and alternative methods are needed in order to study and such as the cluster approach or regional innovation approach, may fill an important gap. In answer to criticisms of these approaches, as presented earlier, it should be noted that these methods and perspectives should be judged in relation to existing alternatives, i.e. methods relying on available industry standards and structures in official statistics.
